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Future climate projections depend, in part, on
ability to model land-atmosphere carbon exchange

Coupled carbon-climate models
disagree on the continued
strength of the net land sink

Uncertainty in models
translates into uncertainties
in projections of future
atmospheric CO,

From Friedlingstein et al. 2006
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Long-Term Mean (2000-2005) Summer (June, July, August)

Net Ecosystem Productivity
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Importance of MsTMIP Experimental Design:
Mean GPP for North America (2000-2005)

]

— NACP regional
interim synthesis
“Unconstrained”
protocol

MsTMIP

“Constrained”
protocol

5 models (CLM, DLEM, LPJ, ORCHIDEE, VEGAS)
Huntzinger et al., Geoscientific Model Dev. (2013)



Compare model estimates of net land sink from to

Independent estimate:
Global Carbon Project (GCP)

“Residual land sink”

Source: Le Quéré et al. 2012;
Global Carbon Project 2012




MsTMIP “best estimate” vs GCP

“Residual land sink”

Sign convention:
(+) net uptake
(-) net release

Huntzinger et al., (in prep)



Mean estimate from MsTMIP ensemble shows slightly
stronger sink than GCP product.

3 models predict a net land sink much greater than the
GCP product.

For 3 models, over the last 50 years, the land surface has
operated as net source of carbon.

Huntzinger et al., (in prep)



How can we use site-level data to evaluate
regional / global models?

Site specific simulations (e.g., Schwalm et al., 2010;
Schaefer et al., 2012; Keenan et al., 2012)

Compare regional/global runs to site data (Razcka et al.,
2013)

Gridded data-oriented products (Williams et al., 2009;
Schwalm et al. in prep)
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Using site level data to compare to site level runs

Opportunities

« Can tell us something about potential model deficiencies

* Quantify uncertainties that arise from model structure, input
data biases - depends on study design

« Guide model development/improvement

Challenges

« Determining how site-level performance translates to
performance of model at larger scales
 If a model does well at the site level, does that mean we
can trust its regional/global predictions more?
* Fluxes measured at site level do not account for impacts of
fires, harvesting, land-use change, etc. operating over
regional scales



Using site level data to compare to site level runs

Opportunities
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can trust its regional/global predictions more?



Boxes = regional-model run
X's = site-level run



Using site level data to compare regional/global models

Opportunities

« Compare model output to direct measurement of carbon and
energy flux, etc.

« Compare functional responses / sensitivities in both
observations and models

« Evaluate relative importance of environmental factors &
climate extremes: observations compared with models

« Evaluate the impact of site versus regional/global climatology
iInput data on model results

Challenges...



Challenge in using site level data to evaluate global models

Representation: scale mismatch & global coverage

From Christopher Schwalm



Challenge in using site level data to evaluate global models

NEE = NEE? Apples-to-apples comparison”?
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From Dan Hayes (ORNL)
Also see: Hayes, D. J., and D. P. Turner, EOS, 93(41), 2012.



Are there ways to overcome scaling issues?

» Up-scaled Fluxnet products or data oriented models (e.g.,
Jung et al., 2011; Papaled and Valenti, 2003; Yang et al.
2007)?

« Other gridded, observationally-based products (e.g., IPCC
Tier-1 vegetation biomass from Ruesch & Gibbs, 2008)?

GPP from Jung et al. (2011) Total Living Biomass, Ruesch & Gibbs (2008)



Difference (as R?) in GPP from process-based models
(TBMs) & data oriented models

Mean annual GPP for 36 major watersheds in Europe:

Process-based
models

Model-data
products

From Williams et al., Biogeosciences,2009



Difference (as R?) in GPP from process-based models
(TBMs) & data oriented models

Mean annual GPP for 36 major watersheds in Europe:

Evaluate deficiencies
in model structure?

Assess
confidence in
model-data
products?

From Williams et al., Biogeosciences,2009



Combine reference data products with measures of
model-"data” mismatch to determine model reliability

Spatial distribution of preferred model

Preliminary MsTMIP results From Schwalm et al. (in prep)



Preferred model by plant functional type

From Schwalm et al. (in prep)



Regional and global comparison with “up-scaled” products

Opportunities

« Can tell us something about potential model deficiencies

* Quantify uncertainties that arise from model structure, input
data biases

« Guide model development/improvement

Challenges

* Success of evaluations depends on quality of these model-
data products
» Uncertainty of products needs to be less than
uncertainty in model estimates
* Depends on how well scale-mismatch is controlled for in the
gridded products



Closing thoughts

* Flux towers provide the only direct measurement of net
ecosystem exchange

— Essential tool for evaluating model estimates of land-atmosphere
carbon exchange

« Challenges to using flux tower data to evaluate regional
and global models

— Representativeness

— Differences in how fluxes are defined (or the scale at which
processes influence measurements / modeled fluxes)

— Uncertainty in models and in observations / data-oriented products
— Could get the right answer, but for the wrong reason

« Perhaps greatest value of data from flux towers is to
evaluate process representation
— How do you scale this up to regional / global models?
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